Object. This study aimed to investigate the incidence rate of heterotopic ossification (HO) after implantation of Coflex interspinous devices. Possible risk factors associated with HO were evaluated.
O ver the past several years, ISP devices have gained popularity, although they are still in the early stage of clinical use. 3, 4, 6, 8, 14, 18, 19, 21 They provide an alternative to arthrodesis for patients with degenerative lumbar disease. Several ISP devices are currently available, and they can be categorized as static or dynamic. 3 Biomechanical studies have shown that ISP implants strongly stabilize and reduce intradiscal pressure during extension but that they have little effect during flexion, lateral bending, and axial rotation. 8, 19 Because ISP devices provide motion-preserving stabilization, they can decrease the risk for adjacent-segment disease.
Heterotopic ossification is the presence of bone in soft tissue where bone normally does not exist. 16 It frequently occurs in patients with CNS disorders, multiple injuries, joint arthroplasty, and/or burns. 2, 7, 16 Recently, a high prevalence of heterotopic bone formation has also been reported for patients who have undergone spinal total disc arthroplasty. 5, 10, 12, 15, 17, 20 Heterotopic ossification can negatively affect patients' daily activity if it decreases mobility of the joints and implants. 16 The incidence and clinical significance of HO after implantation of ISP devices have yet to be clarified. Miller et al. 13 noted the phenomenon of reactive osteophytes growing bilaterally along the interface of the spinous process and X-STOP device in a revision surgery. Maida et al. 11 reported the first case of HO after implantation of a Coflex device; the patient had undergone a revision surgery for recurrence of neurogenic claudication caused by abnormal ossification. 11 In this study, we aimed to investigate the prevalence of HO after placement of Coflex ISP devices (Paradigm Spine) and to evaluate possible risk factors associated with the occurrence of HO.
Methods
We retrospectively reviewed the medical records of patients who had undergone implantation of a Coflex device for the treatment of lumbar spinal stenosis at the Incidence of heterotopic ossification after implantation of interspinous process devices Second Affiliated Hospital of Wenzhou Medical College from December 2007 through March 2010. For these patients, conservative treatment for at least 3 months had failed. The diagnosis was confirmed through preoperative neurological examination and image assessment including static (anteroposterior and lateral) and dynamic (flexion and extension) radiography, CT, and MRI. We included patients in whom device placement involved a single level (L4-5) and who had completed follow-up visits for at least 2 years. Inclusion and exclusion criteria are shown in Table 1 .
The study was approved by the hospital institutional review board. All patients gave informed content. After induction of general anesthesia, patients were placed prone. The operation included decompression and an interspinous dynamic fixation. The decompressive surgery was conducted through a laminotomy, resection of the thickened ligamentum flavum, and an undercutting facetectomy. In 3 patients, concomitant herniated disc was removed. After the interspinous ligament was excised, an interspinous implant of proper size was inserted into the prepared space. The clips around the spinous processes were tightened. Perioperative NSAIDs, if not contraindicated, were routinely prescribed for 2-4 weeks. Postoperatively, patients were asked to return to undergo standard anteroposterior and lateral flexion-extension plain radiographs at approximately 3, 6, and 12 months and every year thereafter.
We developed the following simple classification of HO for this study: Grade 0, no HO; Grade 1, HO in the lateral space of the spinous process but not in the interspinous space; Grade 2, HO in the interspinous space (regardless whether Grade 1 HO is present) but not bridged across the adjacent spinous process; and Grade 3, interspinous fusion. Anteroposterior radiographs were used to identify HO in the lateral space of the spinous process ( Fig. 1) . Lateral radiographs were used to identify HO in the interspinous space (Fig. 2 ). According to occurrence of HO, patients were divided into HO-positive and HOnegative groups. Continuous variables were compared by using an independent-samples t-test, and categorical variables were analyzed by using the chi-square test. The level of significance was set at p < 0.05.
Results
A total of 32 patients were included in this study: 13 women and 19 men. The mean age of all patients was 60.3 years (range 45-75 years). Follow-up visits ranged from 24 to 57 months. One year after surgery, follow-up visits became irregular for most patients because their symptoms had substantially improved. Only one patient was not satisfied with the surgical outcome. No patients needed revision or removal of the implants; no fractures or loosening of the implant occurred.
Among the 32 patients, HO grades were as follows: Grade 0 for 6 patients (18.8%), Grade 1 for 8 patients (25%), Grade 2 for 16 patients (50%), and Grade 3 for 2 patients (6.3%) (Figs. 3 and 4) . Comparisons between HOpositive and HO-negative groups revealed that age, sex, height, weight, body mass index, smoking habits, and surgical time were not associated with the occurrence of HO ( Table 2) . As follow-up time increased, the grade of HO also increased. Among 9 patients who were followed up for more than 3 years, Grade 2 or 3 HO was detected in all 9. 
Discussion
The concept of ISP distraction implants is not new; it was originated in the 1950s by Knowles. 9 However, the early device fell into disuse because of its frequent loosening and migration. In the past 2 decades, a new generation of ISP devices has been developed. 3, 6 Although ISP devices vary in design, their common aim is to limit motion during extension but allow some degree of motion in other directions. 8 Through interspinous distraction, the devices could unload the facet joints, restore foraminal height, and lower intradiscal pressure. 19 The proposed indications for their use are wide, including degenerative spinal stenosis, low-grade degenerative spondylolisthesis, discogenic lowback pain, facet syndrome, and disc herniations. 3, 4, 6, 8, 14, 19, 21 Recent clinical evidence has suggested that lumbar ISP spacers might be beneficial for a select group of patients. Furthermore, radiological and biomechanical evidence has shown beneficial effects, such as significantly increased neural foramen and spinal canal dimensions, lowered intradiscal pressure at the level of the device, and decreased pressure at the facets but no alteration of kinematics at adjacent levels. 8, 19 However, ISP devices are still in the early stage of clinical use; some potential complications may be unforeseen.
Heterotopic ossification is a well-known complication after arthroplasty of large joints. 1, 2, 7, 16 In the spinal region, HO is gaining attention because of its high incidence after total disc arthroplasty. 5, 10, 12, 15, 17, 20 The incidence of HO after total cervical disc arthroplasty ranges between 17.8% and 78.5%. 5, 10, 20 The incidence of HO after total lumbar disc arthroplasty ranges from 1.4% to 15.2%.
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For the case series reported here, the incidence of HO after dynamic interspinous stabilization was 81.2%; follow-up times ranged from 24 to 54 months; and for half the patients, HO occurred in the interspinous space. In 2 patients, the level at which the device was placed was fused. Although risk factors for development of HO have been reported, 7, 10, 16 we found several factors that were not associated with HO: patient age, sex, height, weight, body mass index, smoking habits, and surgical time. Perhaps this variation is the result of different types of surgery and the small sample size in our study.
The exact mechanisms of heterotopic bone formation remain unclear. Methods such as radiotherapy and perioperative use of NSAIDs have been proven to prevent HO after total hip arthroplasty. 1, 7, 16, 17 Because radiotherapy can injure the spinal cord, the use of NSAIDs would be more appropriate for patients after spinal surgery.
The normal spinous process is generally under tension from the interspinous ligament. After implantation of ISP devices, this tension environment is altered, which causes consistent compression to the spinous process. One negative result is fracture of the spinous process. 4 Another effect, such as HO, might be found at a long-term follow- up visit. 11 The clinical significance of HO after placement of ISP devices is unclear. Large osteophytes could intrude into the spinal canal, which might injure the neural structure. In a case report by Maida et al., 11 the dural sac was compressed by the heterotopic bone, which resulted in recurrent symptoms of lumbar stenosis. However, such an outcome is very rare; only 1 case has been reported. In the case series reported here, no patients experienced recurrence of symptoms resulting from HO. Furthermore, HO around a dynamic interspinous device could hamper motion. This effect was obvious when the interspinous device was fused. Therefore, limited motion might be a potential complication found during mid-term and long-term follow-up examinations because the fused device did not work as initially intended. One question is whether HO is more likely to be produced by the Coflex device than by other ISP devices. Because the metal clips of the Coflex device are fixed around the spinous process, the resulting consistent stress at the interface between the bone and implant might stimulate growth of heterotopic bone. Furthermore, the U-shaped Coflex implant is hollow. Heterotopic ossification could easily grow into the empty space. This hollow core could be one thing that the manufacturer could modify on the device. However, HO around the Coflex device is not necessarily bad. Theoretically, it could enhance the dynamic stabilization at the level of the device. Therefore, we might use the device, rather than lumbar fusion, to treat degenerative lumbar instability or instability caused by decompressive surgery.
Our study has several limitations. First, it was a retrospective study in which the number of enrolled patients was small. Follow-up times were not the same among the patients. Second, detecting HO through radiographs might not be precise. Projection of small facets and iliac crest might interfere with detection of small heterotopic bone. Examination of CT scans might be a more accurate method. Third, the clinical significance of HO after implantation of ISP devices requires further investigation. Because several outcome measures, such as visual analog scale or Oswestry Disability Index scores, were not recorded prospectively, we still do not know whether the occurrence of HO would affect clinical outcomes. Therefore, to clarify the true prevalence and clinical effects of HO after implantation of ISP devices, additional studies with large sample sizes and long-term follow-up should be conducted.
Conclusions
To our knowledge, this case series is the first to de- scribe the forms of HO that occur after implantation of ISP devices. The incidence of HO during a 24-to 57-month follow-up period was high. Interspinous fusion occurred in 2 patients. Because the fused device did not work as initially intended, limited motion might be a potential complication found during mid-term and long-term follow-up visits. Therefore, the device manufacturer and the surgeons should be aware of the occurrence of HO after implantation of an ISP device. Further studies are needed to explore the clinical significance.
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